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ABSTRACT ARTICLE HISTORY

In this study, magnetic nanocomposites based on reduced graphene oxide (rGO) were synthesized Received 21 January 2026
and their photocatalytic activities were investigated. rGO-Fez0; nanostructures were synthesized Accepted 12 March 2026
by the solvothermal method and copper oxide (CuQ) nanoparticles were deposited on the surface
at different ratios by the co-precipitation method. Binary and ternary nanocomposites with differ-
ent component ratios (rGO-Fes0,, rGO-Fe;0,4~Cu0 (1:8:0.5, 1:8:1, and 1:8:2)) were characterized by . -
XRD (X-Ray Diffraction), SEM (Scanning Electron Microscope), TEM (Transmission Electron E:S;{;Ea:;ztsﬁef?;:f;t'on'
Microscope), UV-Vis (UV-visible Spectrophotometer), and FTIR (Fourier Transform Infrared oxide mnopaniaes
Spectroscopy). Photocatalytic activity of the prepared nanocomposites was observed with methy-

lene blue (MB) dye under visible LED light. The results showed that the synthesized nanocompo-

sites had photocatalytic efficiencies ranging from 36% to 89% depending on the component ratio.

The rational incorporation of CuQ into rGO-Fez0, significantly improved photocatalytic efficiency

and demonstrated a stable Z-scheme heterostructure, highlighting the potential of this ternary

composite for efficient and scalable wastewater treatment.
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ARTICLEINFO ABSTRACT

Keywords: This study presents the development and evaluation of a novel and sustainable solar air heat AH) incorpo-
Solar air heater rating an enhanced compact heat-absorbing structure made from recycled aluminum radiator fins, designed to

Compact heat exchanger
Thermal-exergy analysis
Recycled aluminum fins

Renewable ensrpy surface area, enhances turbulence, and reduces overall heat loss without additional manufacturing cost. A
i comparative methodology was employed to assess the influence of this compact thermal-storage element on SAH
m M w performance under typical Autumn and Spring conditions. The baseline and modified SAH models were eval-
uated using dimensionless performance parameters and validated through experimental testing. The average
thermal-efficiency of the baseline system was 64.81 %, while the compact heat-exchanger-integrated system
’ & reached 78.54 %, indicating a significant improvement of about 13.7 percentage points (21 % relative increase).
Furthermore, the oriented-configuration (ochxSAH) provided an additional 3.23 percentage points improvement,
corresponding to a further 4 % performance gain. The heat loss rate for chxSAH increase 5.9 % that accompanied
a much larger rise in useful heat-gain, confirming improved energy utilizarion efficiency. These gains were
achieved through the improved energy-saving capacity of the recycled radiator-based absorber and its ability to
maintain higher outlet temperatures. To complement the experimental study, a machine-learning (ML) approach
was applied to predict SAH efficiency. The ML results validated the superior thermal and exergy performance of
the sustainable SAH design, demonstrating that integrating waste-material-based compact heat exchangers can
enhance system efficiency while supporting circular-economy principles in solar-thermal technologies.

improve thermal and exergetic-performance while promoting material-rense and sustainability. The reuse of
waste radiator materials provides a multilayered-fin configurarion that increases the effective heat-transfer
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Abstract

Quinoxaline-based organic sensitizers are promising candidates for improving the effi-
ciency of dye-sensitized solar cells (DSSCs) due to their strong electron-withdrawing
characteristics and tunable electronic structures. In this study, we investigated the effect
of donor moiety engineering on the performance of three D-D-n-A-n-A quinoxaline sen-
sitizers (QX-D1, QX-D2, and QX-D3), incorporating phenothiazine, phenoxazine, and
carbazole donors, respectively. Comprehensive optical, electrochemical, and photovoltaic
analyses revealed distinct structure—property—performance correlations. Among the three
dyes, QX-D3 exhibited the most favorable light-harvesting ability, achieving a power con-

version efficiency of 6.45% with a high short-circuit current density of 19.96 mA em ™2,

Electrochemical impedance spectroscopy confirmed that QX-D3 provided superior recom-

) 5 ' / \ g 28 -\V \ bination resistance, longer electron lifetimes, and the highest charge collection efficiency.

‘ e QA Ullc 0 LS . N A R .

These results highlight the critical role of donor design in enhancing light absorption,

~ N5 v v o . charge injection, and suppression of recombination, offering a rational pathway for the

DFrav SV a 0 aYa 0 ) ! > ar crms at ]
- molecular engineering of efficient metal-free sensitizers in DSSCs.

Keywords Quinoxaline sensitizers - Phenothiazine - Phenoxazine - Carbazole - Donor,
DSSC performance, D-D-n-A-n-A type.
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ranopropanoic acid)-N-propyl-

10H-phenothiazine, a novel phenothiz sed dye designed to develop photovoltaic perform-
ance. The molecular structure has been confirmed by FT-IR, 'H/**C NMR, and HR-MS, and its
optimized geometry and spectroscopic properties have been investigated by using ty func-
e possesses a non-planar butterfly-shaped configuration, which suppresses

ectron-rich N and § atoms enhance donor capability and light-harvesting

The dye exhibited strong absorption at 437 nm, witha HOMO of —5.21 ¢V and LUMO

ical calculations indicate a favorable AG™ of —0.936 ¢V and light-harvesting

, and power
. 9%). These find-
ings demonstrate that this new sized phenothiazine derivative dye is a promising candidate
for next-generation dye-sensitized solar cells.
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Abstract

Cesium lead iodide bromide (CsPbIBrz) perovskite solar cells (PSCs) exhibit enhanced stability

compared to other inorganic perovskite compositions. However, their photovoltaic performance

remains a major challenge, limiting their power conversion cfficiencies (PCEs). This study

) . | B \ 4 J mtroduces an innovative device design aimed at improving the surface potential of CsPbIBrz PSCs

~“ror. Dr. Apduiian YlIico , o :

by enhancing their optoelectronic properties. The method of deploying a thin layer of tetraphenyl

porphine zinc (TPP-Zn) over perovskite active layer not only suppressed surface residues and

DYroy\/ N | N rY .‘ alYaY, .‘ . o X . X .
| defects but also facilitated smoother charge carrier dynamics within the photovoltaic device.
Interaction between TPP-Zn and the uncoordinated metal cations of CsPbIBrz perovskite

cffectively passivates the surface trap states of the film, resulting in enhanced charge transport and

suppression of charge recombination. We further devised a solar cell model using SCAPS-1D to
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A novel D-D-x-A dye (TPC) based on a phenoxazine core and a p-tolyl auxiliary donor was designed and synthesized. The dye

» ) A s 4
H’. l l l ’ A ! l 0 ‘ ‘ l ‘ , ' ' / ‘ 0 l zz exhibits strong visible-light absorption, efficient intramolecular charge transfer, and promising performance when applied in

dye-sensitized solar cells (DSSCs). TPC achieved a notable power conversion efficiency (PCE), demonstrating its potential as
a“a’ OV O I M a¥a lll a high-efficiency organic sensitizer. ‘When incorporated into DSSCs, the TPC dye exhibited a short-circuit current density
= (Je) of 19.01 mA cm ™2, an open-circuit voltage (Vuo) of 0.65V, a fill factor (FF) of 0.62, and a PCE of 7.69% under standard

AM 1.5G illumination.
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ARTICLE INFO ABSTRACT

Keywords: This work systematically investigates the influence of sputtering power (125-225 W) on the structural, electrical,
Sputtering power and optical properties of Cos0s thin films. Room-temperature conductivity exhibits a nonlinear dependence on
Co304 power, reaching its maximum at 150 W (6.83 » 10~ 0 '.cm™') and decreasing at both lower and higher powers

E]'Imc"fl fransport (e.g., 225 W: 1. 00 tem ™). Optimal performance is achieved at 150-200 W due to a favorable balance
Absorption-edge

M ; between crystallinity and defect density. Measurements that depend on temperature indicate two modes of
agnetron sputtering Y }

m M w Thin flms conduction: non-adiabatic small polaron hopping (SPH) at elevated temperatures (with activation energies

ranging from 0.059 to 0.077 €V) and three-dimensional Mott variable-range hopping (VRH) occurring below

260 K, with a transition observed between 180 and 270 K. These findings underscore the significance of intrinsic

» 0 ' / ; r , e \ 0 polaronic transport in applications such as catalysis, energy storage, and sensing. Optical measurements reveal

’ . Ci two direct transitions: a weakly power-dependent ligand-field (d—d) transition at Eg;—1.24-1.35 eV and a ligand-
to-metal charge-transfer at Egz—1.76-2.20 eV. For 125-200 W, Egp

nearly increases with oxygen content,

4 v indicating a progressively sharper absorption onset. The 225 W film, while exhibiting the lowest oxygen content
y » and reduced conduc shows the largest E,,. It also shows the most pronounced spinel phase, consistent with
high-power growth that densifies the film and strengthens preferred orientation. These results suggest that the

apparent optical gap is governed primarily by absorption-edge sharpness and microstructure, rather than Co/0
ratio alone.
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ARTICLE INFO ABSTRACT

Keywords: This study integrates experimental and computational methods to evaluate the rejuvenation performance of an

Bio-based rejuvenator aged asphalt binder using two novel bio-based additives, 1T and 2T. The aged binder, sourced from reclaimed
Aged asphalt binder

) asphalt pavement (RAP), was modified with 25 wt% of each rejuvenator (denoted as 1T25 and 2T25, respec-
§|u]m{lar 'Elm ics (MD) tively). SARA (Saturates, Aromatics, Resins, Asphaltenes) fractionation and colloidal indices were used to assess
B compositional recovery. Both additives increased aromatic and resin contents while reducing asphaltenes. The

¥

) A ' B - A A » Reclaimed asphalt pavement (RAP) L-"l'-n_'mdil."led_hinder achieved.rhe highest colloidal stability (I. = 0.29) and the most prcmou.r.lced iml.)m_vemer_lr in
’ . CA ‘ ‘ l ‘ A ?‘ stability indicators (CI and I.) among the tested systems. Complementary molecular dynamics (MD) simulations

ing the COMPASSII force field modeled the structural and thermodynamic behavior of RAP and rejuvenated

- Y g' - v aVa systems. The 2T25 system exhibited higher density and more compact molecular packing, suggesting stronger

a ‘ Ld ‘ A:., id ‘ ‘ t:.j a ‘ L, ‘ ‘ ‘ ‘dﬂ ‘ 1 ‘ l, cohesive organization and reduced free volume, whereas 1T25 showed greater molecular spacing and flexibility.
RDF analysis and converged thermodynamic/structural trajectories (energy, temperature, cell length, and den-

sity stabilization) further supported rejuvenator-dependent rearrangement of packing during equilibration.
Overall, MD acts as a mechanistic bridge that interprets experimental SARA/CI/I, trends and supports design-
oriented development of sustainable rejuvenators.




/ , | 31 December '25 - 03 May '26
_

Endiz Mustafa Sacid, Atil Emre Cosgun, Demir Hasan, Mehmet Zahid Erel, Calikusu
Ismail, Elif Bahar Kllmc Tas Asli, Keten Gokkus Mualla Gokkus Goksel

Renewable Energy Appllcations Across Engineering Disciplines:
A Comprehensive Review

§§ applied sciences

Review

Entropy as the Bridge Between Renewable Energy Applications Across Engineering Disciplines:
A Comprehensive Review

Learning and Scheduling

Mustafa Sacid Endiz ', Atil Emre Coggun >*(, Hasan Demir 2, Mehmet Zahid Erel >, ismail Calikugu 4,
Elif Bahar Kiling %, Ash Tas ®, Mualla Keten Gokkus * and Giksel Gokkus

‘,_,b \ Faculty of Engineering, Necmettin Erbakan University, Konya 42090, Tirkiye; msendizflerbakan.edu.tr
v » Faculty of Engineering, Aksaray University, Aksaray 68100, Tiirkiye; hasandemir@aksaray.edu.tr
A 5 3 Faculty of Engineering and Natural Sciences, Ankara Yildsrm Beyazst University, Ankara 06760, Tiirkiye;
- mzerel@aybu.edu.tr
& S aan Vocational High School, Nevsehir Haa Bektag Veli University, Nevsehir 50300, Tiirkiye;

= ismailcalikusuiinevsehiredu.tr
Vocational School, Kahramanmaras Istiklal University, Kahramanmarag 46100, Tisrkiye;
elifbahar kilinc@istiklaledu tr
i Faculty of Engineering and Architecture, Nevyehir Hac: Bektag Veli Univensity, Nevgehir 50300, Tarl
asliyildiz@nevsehiredu.tr (A T.); mketen@nevsehir.edu.tr (MK G.); gokselgokkus@nevsehiredu.tr (G
Cornespondence: atilemrecosguni@aksarayedu.tr

Abstract

Renewable energy technologies are becoming more and more relevant in a varie
gineering fields as a result of the move toward low-carbon, sustainable energy sys
Although research has historically concentrated on power generation, it now covers a
broad range of applications, including precision agriculture, smart grids, energy storage,
healthcare devices, and sustainable buildings. However, ex
limited to single disciplines or specific technologies, lacking a unified cross-disciplinary
perspective that captures the interconnected nature of modern renewable energ;
This gap motivates the need for a comprehensive review that bridges multiple engineering
domains. This review provides a comprehensive synthesis of literature on renewable
energy applications in electrical and electronics, computer, environmental, biomedical,
architectural, and agricultural engineering. In electrical and electronics engineering, the use
of renewable energy sources is largely based on the efficient generation of electricity from
natural resources such as solar, wind, and ocean energy. Computer engineering contributes
through artificial intelligence (AI), Internet of Things (ToT) architectures, digilal twing
and cybersecurity solutions, optimizing energy management. Environmental engineer-
ing emphasizes life cycle assessment, carbon footprint reduction, and circular economy
strategies. In biomedical engineering, energy harvesting and self-powered devices illus-
trate micro-scale applications of renewable energy. Architectural engineering integrates
M) Chock for uodn_mJ renewable systems through building-integrated photovoltaics, net-zero energy designs, and
. smart building management, while agricultural engineering uses solar-powered irrigation,
Acsddenle Ecer Moda Yickdcaul biomass utilization, agrivoltaic systems, and other sustainable practices. To support a
Roceived: 16 March 2026 low-carbon future with integrated and sustainable engineering solutions, this study not

Revised: 3 Apell 2026 only highlights innovations within individual fields but also showcases how different di
Accopted: 15 April 202

Published: 18 Aprdl 2026

Asst. Prof. Dr. Mehmet Zahid Erel
Energy Systems

plines can connect and work together. Overall, the review offers a novel cro: iplinary
framework that advances the understanding of renewable energy systems beyond isolated

Copyright: © 2026 by the authors. ) <
s o applications and provides direction for future integrative research.

Licersee MDPY, Basel, Switzerland.
This article Is an open access article
distributed under the terms and
canditions of the ¢
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Abstract

Thermoelectric generators (TEGs) enable compact waste-heat energy harvesting but require
high-gain DC-DC conversion due to their low-output voltage for DC microgrid inter-
facing. This work proposes a novel TEG-supplied two-stage architecture consisting of a
perturb-and-observe (P&QO)-based MPPT boost converter followed by a modified Z-source
converter regulated through an advanced model predictive control (MPC) framework. The
modified Z-source topology enables high-voltage gain without extreme duty ratios and
mitigates switching losses by eliminating diode reverse-recovery effects via synchronous
operation. To enhance dynamic performance, the advanced MPC strategy incorporating an
adaptive ripple-based weighting mechanism is applied to the modified Z-source converter
and benchmarked against MPC and sliding mode control (SMC). Simulation results under
multiple disturbance scenarios, including hot-side and cold-side temperature variations,
multi-condition disturbances, coupling-factor variation, and measurement noise, demon-

strate that the proposed system maintains stable 400 V regulation at a 100 W output level.
m M w In contrast, MPC exhibits switching frequency deviations that increase switching losses

during transient operation, while SMC suffers from significant voltage deviations under
source variations. The proposed strategy maintains tight voltage regulation with nearly

Asst. Prof. Dr. Mehmet Zahia Erel

fixed-frequency operation around 50 kHz, providing a new perspective for TEG researchers
while supporting sustainable waste-heat energy utilization.

Keywords: thermoelectric generator; waste-heat recovery; sustainable energy; modified

z-source converter; advanced control; high-gain; DC microgrid
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Abstract

Accurate identification of photovoltaic (PV) cell and module parameters remains a funda-
mental yet challenging task, particularly as model complexity increases from five to nine
unknown parameters. In this study, the parameter extraction problem is rigorously formu-
lated as a nonlinear optimization task and addressed using a novel hybrid metaheuristic
algorithm, termed the Shuffled Frog Leaping-Shuffled Complex Evolution (SFL-SCE)
method. The proposed approach synergistically integrates the population-based social
learning mechanism of the Shuffled Frog Leaping Algorithm (SFL) with the robust global
search and refinement capabilities of Shuffled Complex Evolution (SCE), thereby achiev-
ing an effective balance between exploration and exploitation. The SFL-SCE algorithm
minimizes the root-mean-square error (RMSE) between measured and simulated current—
voltage characteristics and is systematically applied to three widely used PV technolog;

the RTC-France silicon solar cell, the polycrystalline Photowatt-PWP201 module, and the
monocrystalline STM6-40/36 module. For each device, parameter identification is per-
formed under one-diode, two-diode, and three-diode modelling frameworks, encompass-
ing increasing levels of physical fidelity and computational complexi perimental data
are employed throughout to ensure practical relevance and robustness. The performance

of the proposed algorithm is comprehensively evaluated against its constituent algorithms
(SFLA and SCE) as well as several state-of-the-art hybrid optimization techniques reported
in the literature. Comparative results demonstrate that SFL-SCE consistently achieves
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superior accuracy, enhanced reliability, and faster convergence, as evidenced by lower
minimum, mean, and maximum RMSE values, reduced standard deviation, and improved
@ convergence behavior across all test cases. These findings confirm the effectiveness of the
proposed hybridization strategy and establish SFL-SCE as a powerful and reliable tool for
Academic Editor Tapas Mallick high-precision PV model parameter identification.
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Our study focuses on Alzheimer's disease (AD), a prevalent condition that impacts a significant
proportion of the global population. Timely identification and accurate categorization of AD enable
prompt interventions and personalized treatment. We provide an innovative and advanced

automnated deep learning method for early detection of AD to address this requirement. The OASIS
magnetic resonance images (MRI) datasets were used from Kaggle. A total of 25,937 brain (MRI)
from Alzhein atients and controls were used to build and validate the approach. This varied data
set was carefully classified into slightly, non-demented, and very mildly demented categories. The
study meticulously assesses the model's accuracy via data partitioning. Four deep learning models—
InceptionV3, Mobile Net, DenseNet121 and VGG 16 were tested for brain MRI image classification
accuracy. The focus is on a multi-class classification task rather than binary classification, which
enhances the clinical value of the model. The work includes enhanced preprocessing steps s

skull stripping, intensity normalization, and data augmentation, which helped improve the model
performance. The results showed that the VGG16 model achieved the highest accuracy of 81.32%,
and performed exceptionally well in the second category, achieving an F1-score of 96.8

highlighting the model's effectiveness in accurately distinguishing disease stages. We found that
deep learning models can classify disease stages using brain MRI scans. This study contributes to
the hunt for reliable AD early detection methods. We conclude that deep learning models have the
ability to improve the acy and efficiency of diagnesis by learning from a real dataset, thus

obtaining rapid treatments.
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An IMU-based dataset of falls, activities
of daily living, and prayer movements
(AybuFall)

Nazime Tokgdz' and Sitki Kocaog

' Abstract

Objectives Publicly available datasets are essential for the development, evaluation, and benchmarking of fall
i rithms. Although numerous datasets include falls and activities of
ly living (ADLs), pr. ite exhibiting motion patterns that may resembile falls ain largely
underrepresented. Th i
t gap in existing datasets and
tinc ion and false-positive reduction.
Data description The dataset comprises motio dings of 11 types of fall movernents, 13 types of activities of
daily living (ADLs), and 5 types of prayer movements. Data were collected from 17 healthy young adult participants
earable IML laced on the forehead and forearm. Each activity w. ormed three times
by each participant. Ti
of 200 Hz. All re
publicly available
reproducible research in fall det ecognition. Although data were collected from young
adults, the dataset is intended as a controlled reference resource, and applicability to other populations requires
further validation.

Keywords MU dataset, Fall evens, vities of daily living (ADLs), Prayer movements, Wearable sensors, Human
activity recognition
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Katalaz Enzim Aktivite Olgiim Yontemleri: Literatirdeki Meveut  Yaklagimlar,
Karsilastirmalar ve Yeni Perspektifler
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Derleme Oz

Makate Tarihg Katalaz enzimi, hidroj <
‘E;:Elt?:nh; C]'f] stresi dilzenleyen kritik bir antioksidan enzimdir. Memeli er, bltkllc.r ve
Online Ya),mlmm'ﬂ]_ aerobik organizmalarda yaygin olarak bulunur ve ozellikle eritrositler,
karaciger ve bobrekte yilksek konsantrasyonlarda yer alir. Tetramerik bir
- yapiya sahip olan katalazin NADPH bagh formu, oksidatif inaktiv
g:'a'l';:’x"ﬁ""""'" karst korunmasim saglamaktadir. Bu galismada, katalaz aktivitesini
Katalaz 6lgtim yéntemleri belirlemeye  yonel :.pu.l\tmtmnmn.tnk kolorimetrik, elektroanalitik,
Yapay zcka titrimetrik, kemilliminesans ve jel bazli yéntemler karsilastirilmustr. Her
Makine renmesi yéntemin avantajlari, dezavantajlari ve kullamm alanlar1 detayli
dl.L“(.I‘ll.l‘ldll‘l]ml;,, daha hassas ve giivenilir dl¢iim teknikleri g(.h;nrml.l\
oneriler sunulmi . yapay zeka ve makine Ggrenmesi destekli

analizlerin  ka a esi Olglimlerinde nasil  kullamlabilecegi ele
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hassasiyetini a:mrabilcccgi one siirlilmiistir. Bu derleme, katalaz aktivite

m yontemlerinin meveut durumunu kapsamli bir sekilde inceleyerek
kteki ¢caligmalar i¢in yeni perspektifler sunmaktadir.
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DFT Investigation of the Electronic and Catalytic Effects of Ni-Co-V Alloy
Structures on the Theoretical Hydrolysis of NaBH.

Meryem Sena AKKUS
! Ankara Yildinm University, Engineering and Natural sciences Faculty, Energy Systems Engineering
Department, Ankara, Tiirkiye

*Corresponding author e-mail: msakku: ybu.edu.tr

Abstract: This study presents a density functional theory (DFT) investigation of Ni-V, Co-V, and Ni-Co-V
alloy clusters ( 2, CosVz2, NisCo04V3, and NisCoaVa) toward sodium borohydride (NaBHa) hydrolysis for
hydrogen generation. The catalytic behavior was analyzed by comparing bare clusters and their NaBH. + H20
adsorbed reaction complexes. Structural optimizations reveal pronounced B-H bond elongation and metal—
metal bond flexibility upon adsorption, particularly on Ni-rich surfaces. Electronic structure analyses indicate
a systematic reduction in the HOMO-LUMO energy gap following NaBHa adsorption, confirming enhanced
surface reactivity. Léwdin population analyses show significant charge transfer from borohydride to the metal
framework, accompanied by a loss of hydride character and effective activation of hydrogen atoms.
Thermodynamic calculations demonstrate that all reaction complexes are highly stable in aqueous media, with
strongly negative enthalpy and Gibbs free energy values, indicating spontaneous and exergonic complex
formation. Overall, Ni-rich and synergistic Ni-Co-V clusters exhibit superior electronic adaptability and
structural stability, making them promising candidates for efficient NaBHa hydrolysis.
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ARTICLE INFO ABSTRACT

Keywords: Hydrogen production through the hydrolysis of potassinum borohydride (KBH4) is an attractive method due to its
KBH, high hydrogen yield potential. This study examines the catalytic performance of a thin film nickel-iron (NiFe)

NiPe catalyst in KBH4 hydrolysis, focusing on optimizing key reaction parameters such as temperature, catalyst

H‘iofm _Fmd"mm amount, NaOH concentration, and HCl volume. The structural and chemical properties of the NiFe catalyst were
m M ' Hydrolysis characterized using Field Emission Scanning Electron Microscopy (FESEM)/Energy Dispersive X-ray Spectros-
S » : . L " copy (EDS), X-ray Diffraction (XRD), and Fourier Transform Infrared Spectroscopy (FTIR). The results indicate

' EE: I 2 ‘ U l! 2 ‘ ‘Mjm I dl‘ ' .!'! |‘ " that NiFe catalysts exhibit high hydrogen production efficiency, achieving up to a 99 % yield under conditions
with 1 % NaOH, 10 % KBH4, 1.40 g catalyst, and 2.5 mL of 0.5 M HCI at 50 “C. Complementary density

g l ‘ l .‘ Y gy aY 24 g l .‘ ‘ l I I i .' ’ll ! ' functional theory (DFT) calculations provided atomistic insight into the reaction mechanism, confirming the

JI ﬂw distinct roles of Fe and Ni in adsorption and electronic modulation, respectively. These combined findings

demonstrate that the optimized thin film NiFe catalyst is a cost-effective and highly efficient material for

hydrogen production from KBH,, with broader implications for advanced chemical hydrogen storage
technologies.
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ARTICLEINFO

Keywords:

Hydrogen storage
Density functional theory
Li decoration

X X robust thermodynamic, mechanical, and dynamic stability, indicating its experimental feasibility. The most
TisZnOs material - g

energetically favorable Li decoration site (Lil) was identified, and this decoration was found to induce metal-
licity in the system. A significant charge transfer from the Li atoms to the Ti;ZnOg surface facilitates a
physisorption-based Hy adsorption mechanism. The hydrogen storage performance of the two-sided Lil-deco-
D ) rated TisZnOq system was found to be exceptional, with a maximum gravimetric storage capacity of 6.05 wt%
H’. E l ’ w}g > i J ‘ ’ ‘ ¢ ' being achieved. This value significantly surpasses the 5.5 wt% target set by the US Department of Energy (DOE)
o - for 2025. A critical analysis of the adsorption energies revealed the material's versatility: while the maximum

g I i 0\ 1/ - . 6.05 wt% capacity corresponds to a low adsorption energy (0.11 eV/Hz) suitable for cryogenic storage (85.24 K),
'” gm Md&’ a high capacity of 4.27 wt% is also offered. This latter capacity is achieved with an ideal adsorption energy 1

eV/Hz), enabling reve: e storage at a near-ambient desorption temperature of 302.43 K. Based on these

findings, Li-decorated Ti4ZnOq is established as a highly promising and flexible platform for next-generation
solid-state hydrogen storage.
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Li-Decorated Ti,CF, MXene for Efficient Solid-State Hydrogen
Storage
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One-Sided Li-Decoration EDoubIe-Sided Li- Decoration

Max H,Molecules : 13 ‘ Max H;Molecules : 26
Gravimetric Capacity : 1.95% , Gravimetric Capacity : 3.81 %
Desorption Temp : 88.62 K * Desorption Temp : 97.54 K

Reversible physisorption
Li polarization - - - no dissociation

DFT + AIMD verified
stable at 300 K - - - no clustering

ABSTRACT: Efficient hydrogen storage is a major challenge for clean energy technologies. This study investigates the potential of
Li-decorated Ti,CF, MXene as a hydrogen storage material using density functional theory. Our calculations show that Li atoms
bind stably to the Ti,CF, surface. Ab initio molecular dynamics simulations confirm that the Li atoms do not cluster at room
temperature due to strong electrostatic repulsion. The material adsorbs hydrogen molecules via a physisorption mechanism, which
allows for reversible storage. It is found that double-sided Li decoration significantly improves the performance, achieving a
gravimetric capacity of 3.81 wt % (26 H, molecules). The calculated desorption temperatures indicate that hydrogen can be released
under practical conditions. These findings suggest that Li-decorated Ti,CF, is a mechanically robust and dynamically stable
candidate for hydrogen storage applications, offering a balanced trade-off between binding strength and reversibility.
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ARTICLEINFO ABSTRACT

h the nonlinear absorption (NA) and optical limiting (OL) properties of indium sulfide (In,Ss) thin
1nyS; thin films h]ms prepared by pl al vapor deposition (PVD) and radio-frequency (RF) magnetron sputtering were
Nonlinear absorption

sesti . Li analysis revealed distinct Urbach energies of 1.14 eV and 0.27 eV for the PVD-grown
m M w gsp:F;:r:hfnfpt:m and RF-sputtered films, respectively, indicating higher defect density in the former. Photoluminescence (PL)
. N measurements showed broader and stronger visible emission for the RF-sputtered film, while the PVD-grown film
. exhibited narrower near-band-edge emission. Femtosecond transient absorption spectroscopy further revealed
F’. E ' ! r ' t ’ of~ .~. ! r ‘ that the PVD-grown film featured broad excited-state absorption and faster decay dynamics, whereas the RF-
- ﬁ M sputtered film displayed ground-state bleaching and longer lifetimes, consistent with fewer traps and reduced
carrier loss. Open-aperture Z-scan analysis under 532 nm, 4 ns excitation indicated intensity-dependent NA
E I i . Y QMH a I I l I i i 'l l dominated by defect-assisted processes. The effective nonlinear coefficients from the defect-saturation model
W were over an order of magnitude higher than those from the Sheik-Bahae model. The RF-sputtered film exhibited
shallower defect states that enhanced sequential two-photon and free-carrier absorption, while the PVD-grown
film showed early saturation due to localized-state filling. Optical limiting thresholds of 2.63 mJ/cm® (RF)
and 7.15 mJ/cm® (PVD) confirm the superior limiting performance of the RF-sputtered InsSs film for visible-
range nonlinear photonic applications.
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